Laser flash photolysis study of intermolecular and intramolecular electron transfer in trimethylamine dehydrogenase.
Laser flash photolysis has been used to investigate the kinetics of reduction of trimethylamine dehydrogenase by substoichiometric amounts of 5-deazariboflavin semiquinone, and the subsequent intramolecular electron transfer from the FMN cofactor to the Fe4S4 center. The initial reduction event followed second-order kinetics (k = 1.0 x 10(8) M-1 s-1 at pH 7.0 and 6.4 x 10(7) M-1 s-1 at pH 8.5) and resulted in the formation of the neutral FMN semiquinone and the reduced iron-sulfur cluster (in a ratio of approximately 1:3). Following this, a slower, protein concentration independent (and thus intramolecular) electron transfer was observed corresponding to FMN semiquinone oxidation and iron-sulfur cluster reduction (k = 62 s-1 at pH 7.0 and 30 s-1 at pH 8.5). The addition of the inhibitor tetramethylammonium chloride to the reaction mixture had no effect on these kinetic properties, suggesting that this compound exerts its effect on the reduced form of the enzyme. Treatment of the enzyme with phenylhydrazine, which introduces a phenyl group at the 4a-position of the FMN cofactor, decreased both the rate constant for reduction of the protein and the extent of FMN semiquinone production, while increasing the amount of iron-sulfur center reduction, consistent with the results obtained with the native enzyme. Experiments in which the kinetics of reduction of the enzyme were determined during various stages of partial reduction were also consistent with these results, and further indicated that the FMN semiquinone form of the enzyme is more reactive toward the deazariboflavin reductant than is the oxidized FMN.(ABSTRACT TRUNCATED AT 250 WORDS)